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ABSTRACT 
This study was directed towards the mechanisms by which solutions of some ionic 
surfactants increase the permeability of human skin. Ionic surfactants of three n-alkyl 
homologous series (R-COONa, R-OS0 3Na, R-NH 3Cl) were selected. The low frequency, 
low voltage, alternating current (A.C.) conductance of isolated epidermal membranes is 
related to the permeability constant for water and was suitable for following effects of 
surfactant solutions below the critical micelle concentrations. Solutions and conditions were 
compared by observing differences in the induced rates of increase of A.C. conductance. 
A similar pattern of relative surfactant activity was shown for each series of surfactants. 
C8 compounds showed no effect, C 10 slow but distinct increases in conductance, maximal 
effects occurred at C 12 and C 14 and less at C 16 • The induced changes were reversible to 
widely varying degrees up to a maximum of 90 percent. Members of the two anionic series 
were similar in effect but the alkylamine hydrochlorides produced more rapid conductance 
increases shortly after contact than did corresponding anionic molecules. 
The reversibility of the permeability changes excludes extraction of molecules as the 
mechanism of action for the surfactants. The absence of any similarity between the relative 
surfactant activities and changes in hydrophil-lipophil balance or detergency indicates an 
action against the protein rather than the lipid components of the stratum corneum. 
A number of studies [1-10] have established 
that several ionic surfactants in aqueous solution 
are capable of increasing cutaneous permeability. 
These changes in "barrier function" are attribut-
able, in short-term in vivo treatments or in vitro, 
to direct action against the stratum corneum 
rather than a malformation of that layer as a 
result of irritancy which could occur in the longer-
term in vivo. Because previous permeability stud-
ies have employed a variety of surfactants, treat-
ments, penetrants, and animal subjects, the pat-
terns of surfactant-stratum corneum interactions 
are not clearly defined for all situations. For this 
reason, the effects of simple ionic n-alkyl chain 
surfactants on epidermal permeability were estab-
lished in the present investigation as a prelimi-
nary step in the elucidation of the mechanisms of 
interactions between these surfactants and the 
stratum corneum. 
An in vitro technique was selected to permit 
control of experimental conditions and human 
tissue was used throughout. Ionic surfactants form 
multimolecular aggregates or micelles above cer-
tain critical concentrations and therefore compar-
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isons on a molar basis were made between dilute 
surfactant solutions whenever possible. A method 
sufficiently sensitive for following slow or slight 
changes in permeability was thus required. The 
routine technique of measuring the permeability 
of isolated human epidermal membranes to tri-
tiated water [10, 11] lacks this degree of sensitiv-
ity and is difficult to apply during progressive 
changes in membrane permeability. A sensitive 
electrical technique was therefore adopted. 
In many ways the electrical properties of mam-
malian skin parallel those of permeability, and 
the stratum corneum plays a dominant role in the 
control of current flow [12, 13 ). A comprehensive 
review and discussion of the factors governing the 
passage of electricity across skin has been pre-
sented by Tregear [13 ]. Current flow is considered 
to be mediated by the movement of current-carry-
ing ions and is thus related to the permeability of 
those ions. Such a relationship may be demon-
strated formally from the Nernst-Planck flux 
equations and the Nernst-Einstein relations for 
ideal solutions [16] but is readily seen in the 
analogy between Fick's law of diffusion and 
Ohm's law illustrated in Figure 1. The inverse 
relationship between electrical resistance and 
permeability constant strictly applies to current-
carrying ions but, in the case of the stratum 
corneum, may probably be extended to the 
permeability of any small, highly polar entity. 
Thus, by following changes in conductance (the 
reciprocal of electrical resistance) of the stratum 
corneum, it is possible to follow alterations in its 
permeability towards polar compounds. 
The optimal electrical conditions for the in vitro 
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Fick's law: 
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FIG. 1. Fick's law (integrated form applicable to 
steady state or instantaneous conditions): J., the flux or 
amount of a substance diffusing across unit area of 
membrane in unit time, is given by~ C., the difference 
in concentration of that substance across the membrane 
(driving force for net transfer), multiplied by kP, the 
permeability constant. 
Ohm's law: I, the current or amount of electricity 
flowing in unit time, is equal to V, the potential 
difference (driving force for current flow), multiplied by 
a constant, 1/R, the reciprocal of electrical resistance. 
If "J." and "I" are directly related, i.e., ions carry the 
current across an epidermal membrane, there is a 
proportionality between "kP" and "1/R". 
measurement of stratum corneum properties 
which reflect permeability have been well estab-
lished [13] and these are alternating current 
(A.C.) of low frequency and low voltage. Use of 
A.C. overcomes problems of polarization of both 
membrane and electrodes by preventing increas-
ing charge accumulation and the resultant falsely 
high apparent resistance. However, the higher the 
frequency of A.C. the more readily current passes 
via capacitative channels which are not depend-
ent on free ionic movement. Permeability is thus 
better represented by the resistive current which 
dominates at low frequencies. Passage of any 
electric current at a voltage greater than 1-2 volts 
across human skin results in non-Ohmic behavior 
indicative of damage to the stratum corneum. The 
low frequency, low voltage A.C. conductance or 
admittance was thus employed to follow altera-
tions in the barrier function of epidermal mem-
branes during contact with dilute surfactant solu-
tions. The effects of a variety of agents on skin 
preparations have already been assessed success-
fully. by similar electrical techniques to those 
described here [14, 15 ]. 
The surfactants investigated were members of 
three, simple, straight-chain homologous series of 
C8-C 16 chain length. The three series were: the 
sodium n-alkyl sulphates (R-OS0 3Na), sodium 
salts of primary aliphatic acids (R-COONa), and 
n-alkylamine hydrochlorides (R-NH 3Cl). Com-
parison of the effects of these ionic surfactants 
permitted an assessment of the influence of chain 
length, and hence the hydrophil-lipophil bal-
ance, as well as cationic or anionic nature on their 
action on the stratum corneum. Other experi-
ments compared surfactant action at a range of 
concentrations or at a variety of pH values. In 
addition to these comparative experiments, the 
permeability of epidermal membranes to tritiated 
water was followed during surfactant action and 
correlated with simultaneous electrical measure-
ments. 
MATERIALS AND METHODS 
Human epidermal membranes were obtained from 
abdominal autopsy samples by the heat separation 
method and discs of this tissue were set up in glass 
diffusion cells similar to those previously described [11]. 
Each chamber of the diffusion cell was modified to 
accept a cylindrical stainless steel electrode 0.4 em in 
diameter with approximately 2 em immersed. The 
membrane was supported on each face by a Teflon disc 
with intercalated filter paper to minimize mechanical 
damage when changing solutions. The area of membrane 
exposed to solution on each face was 2.5 em 2 and one 
chamber of the diffusion cell contained 8 ml and the 
other 3.5 ml. All experiments were conducted at 30° C. 
The A.C. conductance of a system, in this instance 
employed to reflect a hypothetical permeability con-
stant, contains both resistive and reactive components, 
the latter component being related to capacitance. Thus 
the epidermal membrane was included in the half-
bridge circuit shown diagrammatically (Fig. 2) in which 
both resistance and capacitance could be determined. 
This circuit was powered by a battery-driven oscillator 
(Hewlett Packard 204C) delivering A.C. at 5 Hz and a 
potential difference of less than 1 volt r.m.s. During 
operation, the values of resistance and capacitance 
decade boxes (ranges: 10 ohms to 10 megohms, 0.01 J.LF 
to 100 J.LF) were adjusted to balance those properties of 
the epidermal membrane, with the state of balance 
being visualized on an oscilloscope. The oscilloscope 
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FIG. 2. Half-bridge circuit for the determination of 
the electrical impedance of an epidermal membrane. 
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(Hewlett Packard 1205A), having matched horizontal 
and vertical amplifiers, was used in "x vs. y" mode to 
compare the phase and magnitude of voltage across the 
membrane with that across the decade boxes. The 
balanced state was shown by a straight line (balance of 
capacitance) at 45° to the main axes (balance of 
resistance). From the decade box values representing 
those of the epidermal membrane, the impedance, in 
ohms, "Z" was calculated using the formula: 
z ~ [R' + (hlfC)'J~ 
where "R" and "C" are the values shown by the 
resistance and capacitance decade boxes respectively 
and "f' is the frequency of A. C. The A. C. conductance is 
the reciprocal of the calculated impedance. 
Since the observed conductance of an epidermal 
membrane depends on the number and nature of cur-
rent-carrying ions within the membrane, a single wide-
range buffer system of constant molarity and ionic 
strength was used. Findings were usually confirmed with 
other buffer systems and no discrepancies due to buffer 
type were evident. A barbiturate buffer suitable for the 
range pH 3.0-9.0 was chosen for its compatibility with 
amine hydrochlorides (precipitation occurs with phos-
phates, citrates, etc.). The buffer was prepared by 
mixing equal volumes of sodium barbital, sodium ace-
tate, and sodium chloride solutions all at 0.05 M, and 
titrating to the desired pH with 0.05 M HCl; surfactants 
were added to the buffer prior to this titration and the 
volume adjusted with whole buffer. 
The ionic surfactants were commercial samples (East-
man) with the exception of the alkyl sulphates which 
were a gift from Lever Bros. Inc.; recrystallizations were 
performed where necessary. Some members of the 
R-COONa and R-NHaCl series were prepared from 
the appropriate free acid or base by neutralization with 
an equivalent amount of NaOH or HCl. An electrical 
conductivity technique was employed to establish the 
critical micelle concentration for the surfactants in the 
barbital buffer system. Routinely, a surfactant concen-
tration of 5 mM was adopted and, at 30° C, this 
concentration is below the critical micelle concentration 
for twelve-carbon surfactants and those with shorter 
carbon chains. 
In experiments where the changes in tissue permeabil-
ity to water were followed, 10 JLl of tritiated water with 
an activity of 25 mCi/ml (New England Nuclear) were 
added to the contents of the 8 ml "donor" chamber of 
the diffusion cell. The accumulation of radioactivity in 
the "receptor" chamber was followed by analysis of 10 JLl 
samples in a liquid scintillation technique. From the 
graph of accumulated activity against time, a steepening 
curve only during progressive changes in barrier func-
tion, the flux was found at a given time from the slope of 
a tangent to the curve at that time. A permeability 
constant was then calculated by applying the integrated 
form of Fick's law. 
An experimental protocol was devised to overcome 
differences between tissue samples which, because of the 
sensitivity of the electrical system, presented a consider-
able problem. Epidermal membranes were set up in 
diffusion cells for at least 24 hours to achieve an ionic 
equilibrium. The stability of electrical conductance was 
then confirmed before changing the solution in both 
chambers to a buffered surfactant solution and any 
subsequent conductance changes followed for a suitable 
time period. Mter removal of the surfactant solution, 
two or more changes of buffer were employed and the 
tissue permitted to come to a stable condition or 
re-equilibrated if buffer of a different pH was to be used. 
The solution was then changed to a second surfactant-
buffer combination permitting a comparison between 
the effects of two surfactant solutions on a single 
epidermal membrane. Long-term recovery phenomena 
were followed after the second surfactant treatment. 
Comparison of the action of the two surfactant solutions 
on epidermal permeability was based on the slope of 
conductance or log conductance versus time plots. All 
such "comparison" experiments were conducted with 
paired diffusion cells, the order of surfactant treatments 
being reversed in the second cell. 
RESULTS 
Interpretation of conductance measurements. A 
graph of the permeability constant for tritiated 
water against the A.C. conductance when meas-
ured simultaneously at various times during pro-
gressive surfactant action on an epidermal mem-
brane is shown in Figure 3. In this example and 
others for each of the three C 12 surfactants, the 
graphs were approximately linear during early 
phases of membrane alteration with an increasing 
deviation from linearity as epidermal barrier func-
tion decreased. These results support the view 
that, within certain limits, electrical measure-
ments do reflect the degree of permeability of 
epidermal membranes towards water. In com-
parative experiments, meaningful results were 
usually obtained without membrane changes 
greater than would be represented by a small 
segment of the correlation curve shown in Figure 
3. 
Membranes having an initial conductance 
greater than 15 megohms - 1 ·cm- 2 with the barbi-
turate buffer system were rejected since adventi-
tious mechanical damage could be assumed. The 
mean initial conductance for membranes used was 
5.3 megohms- 1 ·cm- 2 and the lowest observed 
conductance was 2.1 megohms- 1 ·cm- 2 • Varia-
tions in values made a rigid general numerical 
3.0 
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FIG. 3. Correlation of A.C. conductance and permea-
bility constant for water as they change during the 
action of 5.0 mM dodecylamine HCl in 0.05 M barbital 
buffer at pH 5.5. 
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expression of results undesirable. Conclusions 
were thus broadly based on distinct and consistent 
differences in rates of change of conductance for 
paired surfactants or conditions in the compara-
tive experimental procedure. 
The time-course of surfactant action. Increases 
in epidermal conductance, and hence permeabil-
ity, were detectable shortly after contact with a 
damaging surfactant solution. For anionic surfac-
tants of 12 or more carbon atoms, a steady rate of 
change or an exponentially increasing rate (Fig. 4) 
was observable after approximately one hour and 
continued in this manner for many hours. The 
pattern of conductance changes induced by the 
cationic series of surfactants, C 12 and above, 
showed a rapid increase within minutes of initial 
contact with epidermal membranes (Fig. 5). This 
rapid rate of change was relatively constant for 
one to several hours before diminishing. 
5.0 mM (approximately 0.1%) surfactant solu-
tions in contact with both sides of an epidermal 
membrane produced, at most, conductance 
changes equivalent to a two- to fourfold increase 
in original permeability constant for water within 
3 to 4 hours. Overnight contact resulted in high 
membrane conductance, often equivalent to a 
fiftyfold or hundredfold increase in permeability 
constant for water. 
Surfactant carbon chain length. Graphs show-
ing conductance versus time for epidermal mem-
branes under the influence of decylamine and 
dodecylamine hydrochlorides are shown in Figures 
5 and 6. Plotted in this manner, an unchanging 
conductance indicates unchanged permeability, 
and a rising conductance an increasing permeabil-
ity. Note that the order of application of solutions 
does not alter their relative activities. Compari-
sons between surfactants were based on the slopes 
of such conductance versus time graphs, i.e., the 
rate of change of conductance within the first 200 
to 300 minutes of treatment. In examples where 
continuously increasing rates of change of conduc-
tance occurred, a plot of log conductance versus 
time facilitated the comparisons of surfactant 
effects. 
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FIG. 4. Comparison of the effects of dodecylamine 
HCl and Na dodecanoate (laurate} on epidermal con-
ductance. 
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FIG. 5. Reversed surfactant treatments for cell paired 
with that of Fig. 6. 
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FIG. 6. Comparison of the effects of 5.0 mM dode-
cylamine HCI and decylamine HCI on epidermal 
conductance. 
Representative values for rate of change of 
conductance are shown in the Table and are taken 
from membranes having an initial conductance 
close to the mean value. At least three paired 
diffusion cell experiments (six comparisons) were 
performed for each pair of surfactants and the 
relative activities of the surfactants were found 
to follow the pattern indicated by values shown 
in the Table. 
Direct comparisons were made for adjacent 
surfactants for each of the three series and a 
somewhat similar pattern of degree of activity 
against stratum corneum was evident with in-
creasing chain length. No detectable alterations in 
permeability or conductance occurred with C8 
compounds up to concentrations of 100 mM. C10 
members at 5.0 mM, however, were responsible 
for a slowly increasing conductance which was 
distinguishable from the slow degradation of epi-
dermal membranes which occurs in any aqueous 
system [17 ]. Considerably greater rates of conduc-
tance increase were obtained with C 12 surfactants 
at 5.0 mM than with the respective C 10 series 
members. Despite a possibly significant differ-
ence, where the C14 , Na tetradecyl sulphate, 
increased conductance consistently more slowly 
than C 12 , N a dodecyl (lauryl) sulphate, the activ-
ity of C 14 surfactants was essentially the same as 
that of C12 members of the same series. For all 
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three series, C 16 compounds induced slower con-
ductance increases than the respective C 14 mem-
bers. 5.0 mM is above the critical micelle concen-
tration for C 14 and C1 6 surfactants at 30° C. 
Inter-series comparisons. Direct comparisons 
were made only between the three C 12 surfactants 
and the results of such comparisons are reported 
here. Only indirect inter-series comparisons are 
possible from the Table for other chain lengths. 
Approximately similar rates of increase of conduc-
tance were observed for the two anionic surfac-
tants, Na dodecanoate (laurate) and Na dodecyl 
(lauryl) sulphate, at 5.0 mM. Also at 5.0 mM, 
dodecylamine HCl increased membrane conduc-
tance considerably more rapidly than the two C 12 
anionic surfactants (see Fig. 4), although water 
permeability experiments with 1-5% surfactant 
solutions indicated that these differences were less 
marked at higher concentrations. 
Surfactant concentration. Increases in surfac-
tant concentration increased the rate of conduc-
tance change for all compounds other than Cs 
members. This trend was also apparent above the 
established critical micelle concentration. 
pH of surfactant solution. Comparisons were 
carried out only over pH ranges permitting dis-
sociation, and hence solution, of the C 12 members 
of the three series. It was established that measur-
able permeability increases did not occur as a 
result of buffer pH alone within the time-span of 
typical experiments for the range pH 3.0-9.5 in 
the absence of surfactant. No differences in the 
rate of increase of conductance were attributable 
to solution pH for each surfactant in the following 
systems: Na dodecanoate (laurate) 5.0 mM, pH 
range 7.5-9.5; Na dodecyl sulphate 5.0 mM, pH 
range 5.0-9.0; and Na dodecylamine hydrochlo-
ride 5.0 mM, pH range 3.0-7.5. 
Reversibility of surfactant-induced permeabil-
ity alterations. Wide variations in the degree of 
reversal of 5.0 mM surfactant-induced increases 
in membrane conductance were recorded. In gen-
eral, the replacement of surfactant solution with 
buffer alone, occasionally with one or several 
changes, was sufficient to halt the increase in 
conductance. From that point the conductance 
remained stable or, in the majority of cases, 
decreased, indicating a reversal of surfactant-
induced changes. Complete recovery of surfactant 
damage was not observed although, as in Figure 5, 
a rapid and extensive recovery was shown follow-
ing contact with alkylamine hydrochlorides. As a 
general rule, it was noted that the longer surfac-
tant was in contact with the tissue sample, the 
smaller the proportion of the total conductance 
change that was recovered. Thus epidermal con-
ductance changes induced by 100-200 minute 
treatments with a 5.0 mM alkylamine hydrochlo-
ride could be recovered to a maximum of 80-90 
percent; 200-300 minute treatments with 5.0 mM 
anionic surfactants produced damage which was, 
at most, 75 percent reversible, and recovery fol-
TABLE 
Effects of carbon chain length and type of surfactant on 
rate of change of epidermal electrical conductance 
Surfactant Type of surfactant 
chain r--
length R-COONa R-OS0 3Na R-NH 3Cl 
Ca 0 0 0 
CIO 0.1 0.1 0.2 
cl2 4.5 5.0 25 
cl4 4.0 2.0 21 
cl6 0.2 0.4 2.5 
Values shown are lOOx (megohms- 1 ·Cffi- 2 ·min- 1) 
and were taken between 100 and 300 minutes after 
introduction of 5.0 mM surfactant solutions. 
lowing overnight treatments for all solutions was 
no greater than 50 percent. 
DISCUSSION 
The presumed relationship between the 
permeability and electrical properties of human 
stratum corneum has been further confirmed by 
the above results. In addition, the direct relation-
ship between the electrical conductance and 
permeability constant was found to be followed 
experimentally over a restricted range of water 
permeability increase. The low frequency, low 
voltage, A.C. conductance (admittance) may thus 
be employed as a sensitive and rapidly obtainable 
reflection of the degree of permeability of a skin 
sample towards water. This type of relationship 
may be expected to apply to other small, highly 
polar penetrants and especially ions. It should be 
recognized, however, that the observed value for 
electrical conductance is a function, not only of 
the permeability of the stratum corneum, but also 
of the number and type of ions within this 
structure. This internal environment will, itself, 
depend upon the external ionic environment and 
will vary until an equilibrium is attained. 
In general agreement with previous studies, 
dilute aqueous solutions of anionic and cationic 
surfactants possessing unbranched alkyl chains in 
the range C 10 to C 16 are capable of increasing the 
permeability of human stratum corneum towards 
polar entities. There is, however, accumulating 
evidence that the permeation of nonpolar or 
slightly polar compounds may, in some instances, 
be reduced by the presence of ionic surfactants as 
components of an aqueous vehicle.t This phenom-
enon may occur as a result of an association 
between penetrant and surfactant molecules or 
micelles which reduces the number of penetrant 
molecules available for transepidermal diffusion. 
Also, the residual damage to epidermal mem-
branes following an in vitro surfactant treatment 
often shows a proportionately greater increase in 
the permeability constant for polar penetrants 
than for less polar forms. t 
t Blank IH: Unpublished observations, 1971 
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Experimentally, the surfactant-induced 
permeability changes probably commence shortly 
following their initial contact with the epidermis 
and are, to some extent, reversible. When judged 
electrometrically, the degree of reversal was not 
found to be as great as the complete recovery 
reported by Bettley and Donoghue for water 
permeability [I] and rarely absent as observed for 
nicotinate permeability by Scala and co-workers 
[8 ]. The observation that the complete removal of 
a dilute ionic surfactant solution from the epider-
mal surface halts further permeability increase 
may have practical significance, as may the de-
gree of reversal of permeability changes, although 
the action of higher concentrations may be differ-
ent. The increase in the rate of change of permea-
bility with rising surfactant concentration is to be 
expected; this is true even beyond the critical 
micelle concentration since the chemical activity 
of monomer molecules continues to increase above 
that concentration [18 ]. 
It is conceivable that the action of ionic surfac-
tants against stratum corneum could involve in-
teractions with either or both protein and lipid 
components. The recent electron microscopic 
study by Loomans and Hannon [19] suggests that 
surfactants do not attack the thickened stratum 
corneum cell boundary, whose role in determining 
overall permeability properties towards small 
molecules is, in any case, doubtful. Furthermore, 
the reported "maceration" of intercellular mate-
rial in that same study and the tissue expansion 
and birefringence changes [10] upon treatment of 
stratum corneum with anionic surfactants, indi-
cate marked effects on intracellular material and 
keratin. The reversibility of the permeability 
increases demonstrated in this investigation elim-
inates the extraction of lipids or other components 
as the sole mechanism responsible for increased 
permeability and suggests that other events occur-
ring within the stratum corneum have primary 
significance. 
Ionic surfactants are commonly known to alter 
the physical properties of proteins, including fi-
brous epidermal protein [20]. Wood and Bettley 
were able to show a partial correlation between 
the degree of epidermal protein denaturation and 
the magnitude of permeability increase with sur-
factants, although the permeability data may be 
open to question in view of the prolonged nature of 
Bettley's experiments . The results of the present 
study, which were comparisons of the rates of 
change of permeability at early stages of surfac-
tant action, showed a definite pattern with in-
creasing alkyl chain length. Thus C8 compounds 
showed no effect, C 10 slow changes in permeabil-
ity, maximum effect at C 12 and C 14, and less again 
at C 16 • This pattern is very similar to that of the 
final degrees of denaturation of a soluble protein 
produced by the same range of alkyl sulphates 
reported by Blohm [22 ]. The absence of any 
similarity between the pattern of relative surfac-
tant activities in altering permeability and the 
order of their hydrophil-lipophil balance (see 
Davies [23] for numerical expression of this bal-
ance) also argues against the importance of in-
teractions with lipids. Detergency alone, which is 
related to the hydrophil-lipophil balance, does 
not determine the effectiveness of a compound in 
increasing permeability, and nonionic compounds 
possessing detergency are not known to influence 
permeability in the manner of their ionic counter-
parts. 
As for soluble proteins, associations with ionic 
surfactants may, in a similar way, reversibly alter 
the spatial conformation of the fibrous proteins of 
the stratum corneum. It is possible that these 
associations affect hydrogen bonding, salt bridges, 
or other factors responsible for maintaining the 
native structure of these proteins. Although sur-
factant interactions with lipids may play a minor 
role, the impression given is that alterations in 
protein structure and resultant expansion of the 
fibrous mesh increase diffusion rates via "polar 
pathways" during short-term exposure to dilute 
ionic surfactant solutions. Prolonged immersion of 
isolated stratum corneum in more concentrated 
ionic surfactants may result in the extraction of 
lipid components [24] and disintegration of the 
tissue in extreme cases:j:, suggesting that extended 
treatment with ionic surfactants may cause a 
general degradation of stratum corneum. Some 
indication of the nature of the interaction between 
ionic surfactants and epidermal proteins is given 
by the results but awaits a knowledge of the 
time-course of surfactant sorption by stratum 
corneum for proper evaluation. 
Because of the special procedures and treat-
ments used in this investigation, the results ob-
tained are not easily related to the in vivo situa-
tions of common ionic surfactant usage and do not 
indicate the significance of skin permeability 
increases, if any, that occur during such usage. 
Also, the increases in skin permeability recorded 
here do not necessarily reflect degrees of irritancy, 
a process that primarily involves other factors, 
although the irritant potential of a compound may 
be increased if it also acts to reduce cutaneous 
barrier function towards itself. 
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